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Abstract: We demonstrate integrating a high quality factor lithium niobate microdisk 
resonator with a free-standing membrane waveguide. Our technique is based on femtosecond 
laser direct writing which produces the pre-structure, followed by focused ion beam milling 
which reduces the surface roughness of sidewall of the fabricated structure to nanometer scale. 
Efficient light coupling between the integrated waveguide and microdisk was achieved, and 
the quality factor of the microresonator was measured as high as 1.67×105. 
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1. Introduction 
Lithium niobate (LN) microresonators have attracted much attention for their broad range of 
applications in optical signal processing, quantum electrodynamics and optomechanics [1-9]. 
This is mainly due to the excellent material properties of lithium niobate such as a broad 
transmission window, large nonlinear optical coefficients, and a large electro-optic tunability. 
Particularly, the recent advance in the fabrication of high-Q lithium niobate microresonators 
has promoted the quality factor of such microresonators to 105 ~ 106 [3-9]. This is enabled by 
patterning a lithium niobate thin film bonded onto 2 μm-thickness SiO2 with either focused 
ion beam [3] or reactive ion dry etching [5]. An additional chemical wet etching in 
hydrofluoride (HF) acid will selectively remove the SiO2, resulting in a free-standing 
microdisk that can serve as a whispering-gallery mode (WGM) microresonator. To utilize the 
high-Q microresonators, light has to be coupled into and out from the microresonator. This is 
typically achieved using external fiber taper critically coupled to the microdisk. For many 
applications, it would be desirable to replace the external fiber tapers with monolithically 
integrated waveguides, thereby the devices can be miniaturized and will be more stable 
against the disturbance from the environment.  
Here, we show that the above-mentioned monolithic integration can be realized with 
femtosecond laser assisted ion beam writing (FLAIBW), a technique we developed in 2014 
for producing high-Q lithium niobate microresonators [3, 4]. The advantages of this 
technology include the followings. First, both femtosecond laser direct writing and focusing 
ion beam (FIB) writing are maskless fabrication techniques, which provide the flexibility to 
achieve rapid prototyping of various kinds of devices. Second, the femtosecond laser is much 
more efficient than the FIB in terms of the removal rate of material, whilst it is of relatively 
low fabrication resolution on the order of 1μm as compared to that of FIB. The combination 
of two approaches allows a high fabrication efficiency mainly determined by the femtosecond 
laser direct writing and a high fabrication resolution completely determined by the FIB 
writing. At last, the femtosecond laser direct writing can easily incorporate other 
functionalities such as microfluidics and microelectrodes into the devices [10-12]. 
 
2. Sample fabrication and experimental setup 
In this work, commercially available ion-sliced Z-cut LiNbO3 (LN) thin film with a thickness 
of 900 nm (NANOLN, Jinan Jingzheng Electronics Co., Ltd) was chosen for fabricating the 
on-chip LiNbO3 microdisk resonators. The LN thin film was bonded on a 0.5-mm thick LN 
substrate sandwiched by
femtosecond laser source (Coherent, Inc., center wavelength: 800 nm, pulse width: 40 fs, 
repetition rate: 1 kHz) was used for fabricating 
a waveguide. A variable neutral density filter was used to tune the average power of the laser 
beam. In the femtosecond laser direct writing, an o
focus the beam down to a ~1
translated in 3D space at
with a nano-positioning stage
was installed above the objective lens to monit
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device are schematically illustrated in Fig
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 Next, 
(FIB) milling, as illustrated
waveguide by FIB, as shown in Fig. 1(d). 
removes the SiO2 underneath the LN thin film to form free
and membrane waveguide, was 
of 2% hydrofluoric (HF) for 8 minutes, as shown in Fig. 1(e). 
preserved to support the LN microdisk and waveguide. T
20 μm. More details of the process flow of fabricating the LN microresonator can be found in 
[3] and [4]. 
The LN microdisk was tested using 
(New Focus, Model 688
fire coupled into the waveguide using a 40
transmitted light was collected by a 
fiber polarization controller, 
excited. A transient optical power detector (Lafayette, Model 4650) was used to measure the 
transmission spectra. 
Fig. 2 (a) Top view optical micrograph of the entire
optical micrograph of the microdisk
microdisk coupled to the LN waveguide and (d) closed
gap between the LN microdisk
 
 in Fig. 1(c). In this step, the microdisk was separated from the 
Finally, chemical wet etching, which selectively 
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3. Results and discussion
Figure 2(a) shows the overview optical micrograph of the fabricated microresonator
waveguide system. It can be seen that a thin waveguide has been fabricated near the 
microresonator. The waveguide is tapered at its two ends 
out of waveguide. For the middle part of the waveguide which is coupled with the 
microresonator, the width is approximately 1 
triangles are supported by the 
the waveguide can be fixed 
provides more details of the fabricated structure, showing the smooth edges of the waveguide 
and microresonator as a result of FIB milling. Furthermore, t
(SEM) in Fig. 2(c) shows that there is a small gap between the micro
waveguide. The width of the gap is measured to be 162.5 nm, as indicated in Fig. 2(d). Such a 
narrow gap is important for achieving the 
for obtaining the high-Q factors. 
 
Fig. 3 (a) Normalized transmission spectrum of the 
fitting shows a Q-factor of 1.
 
Figure 3(a) shows the measured transmission spectrum of the integrated microresonator
waveguide system. Based on a Lorentz
be 1.67×105. It is noteworthy that t
system is approximately 
demonstrated with the integrated LN microring
We further performed the theoretical analysis using a Finite Difference Eigenmo
(MODE Solutions, Lumerical), which 
time. Figure 4(a) presents the model structure used in the simulation, of which all the 
parameters are the same as that in the experiment.
micordisk has a thickness
niobate is chosen with a
experimental situation. The
length of 20μm. In our simulations,
propagated from one end
the other end of the waveguide after 
Q microresonator. It was found that the calculated transmission spectrum
shown in Fig. 4(b), can faithfully reproduce the measured result in Fig. 3(a). The free 
spectrum range (FSR) de
to the measured FSR of 18 nm as indicated in Fig. 3(a). 
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he Q factor of the integrated LN microdisk
two orders of magnitude higher than the Q-factor 
-waveguide system [1, 16].  
offers both high precision and acceptable computing 
 In the model structure, the lithium 
 of 900nm and a diameter of 20 μm. The refractive index of 
 Z cut birefringence [17], which is also consistent
 waveguide coupled to the microdisk has a width of 1
 both TE and TM beams with fundamental spatial modes 
 of the waveguide, and the transmission spectra were 
the beams in the waveguide had interacted with the high
 for the TE beam, as 
termined by the spectrum in Fig. 4(b) is 17 nm, which is very close 
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attributed to the fact that it is difficult to precisely determine all the parameters of the 
microdisk and the waveguide, such as the thickness and the transverse dimensions from an 
experimental point of view.
 
 
Fig. 4 (a) Illustration of the model
transmission spectrum of the 
 
4. Conclusion  
To conclude, we have demonstrated an approach for monolithically integrating an optical 
microresonator with an optical waveguide on lithium niobate substrate. Our technique 
combines femtosecond laser direct writing and FIB writi
including high fabrication efficiency (compared with that of FIB writing) and high fabrication 
resolution. The fabricated device shows a quality factor above 10
extended for coupling multiple remotely
The integrated devices are attractive particularly from an application point of view because of 
the enhanced compactness and stability.
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